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SATIOHA.L ASTI80BT GOKMITTSZ TOE ASBOVAUTICS 



ADYABOX axSSBI-OXED BZFOBT 



FEXSSURI-DBOF OEABAOIZBISTrCS OF ^OEITICX FI^BS . 
USES TO SIMJIiATl &A2}IA1C0ES 

■ By K.' B. Ocar'neokl ■' ' ■■ ' ;r ^ 

8UMMABY ■■■ ■■■ ■■■ ■ ' 



Aa lnT«8tlgatlon of the pressure-drop oharaoterlstlea 
of orifice plates has been conducted' 1 6 ' facilitate tt^e 
design of resistances to simulate various types of ooollns 
units. It was found that the use Of orlfl'ed plates !« 
practical because of the simple construction of the plates, 
the ease with which the pressure drop, can" be varied }xy the 
use of corks, and the absence of any large scale effects. 
The orifice coefficient was found to vary as the 0.041 
power of the pressure-drop coefficient times the constant 
0.69, 

INTBOSUGTIOV 



In tests of coollng-alr ducts it is inconvenient and 
often Impractical to. use model radiators, particularly 
when the model bialng tested 'is bnly a fraction of the 
sise of the original airplane. lor wind-tunnel tests, re- 
sistances,, suoh as screens and orifice plates, are gener- 
ally' us e^. to' slmurate the radiators. '. In; o'rdiB'r ' to ^aclll- 
.tat'e B^oh testA, an inve.st.lgat'ion of the' p.ressji'^.e-iir'op 
ohai;apt eristics of orif.i'ce "plates h^s b^eji' dohduo ted-. 

jurdnd-^'unnel tests' have shown that '.the pressure -drop 
qoeffl pleat' of a screen' or combination 'of 'erc'reen.s ie^'de* 
pendent upon the Velocity of the air .th'r'o'ugh it Xfigy l), 
and considerable calibration is required before the'-'-' 
actual testing can .bctgla. ij.e tests of ^th.e orlf.loe plates 
were made to. det.ermlne. the pract lc'abllit>y of using such 
pialies to simulate radiators and to obtialii de^ta ft^oor Vhich 
.the platea Qould be de'signe'd, .' 'Some' ntodlf ioECtlons 'in' the 
. arrangement .of the orifices, and in t.h;e 'meth.od pf mounting 
the orifice plate .in the .'duct were also Inve.stili^ated over 
a range of Beynoldfa numbers'. These Vests Vere made 'b'y the 
EACA at the Langley Memorial Aeronautical Laboratory, 
Langley Tield, Va. 
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SYMBOLS 



pressure drop across orifice plate 
C orifice coefficient 

dynaatla pressure at fase of orifice plate 



thickness of- 0-rl4fl.cA..plAt« 



.'I 



■ % ■ 
t . . 



^p/q.^ pressure-drop coefficient 
t 

Aq open-thole area 

Aq effective open-hole area 

orlf Ice-plate area 
S diameter of holes 

7g velocity through;- WlV '"' 

V kinematic viscosity. .. j, 

B •■■•;-'aeynoi;d:8 -n^mhe^ ■ (f^^ 

■t '■■•■'■•!.. ri - ■" '■ ' ' ' •' '" *"»'"••"■•' "• 

' I'our aluminum orifice pl'ttes, l/4 Inch thick,, were 
tjSBjbed-: ->Ehpe-e of' the- plat-cs- werB-* reirtsh^l'a'r *(fig.-. 2) 
etn^, of, id.entl:cal .cona.':trua±lor:.: -the^ "f^u^-th v'ae eem'Icirctfl'ar 
and hpd. a dlf f er.eAt - hft^e fl^incilng: (f tg'. '3)-,-^ The hol-es were 
3/4 iiich ' In- -dlamet er. .and v'Site .purched^ 'in 't-he «ame direc- 
tion. In eap-h plate;-.' ■JSxcesei.lT.ely. .Ijir^e .Imrrs 1-eft by the 
puno'h^ng;. iprooeiss , were:' remoT'ed i -.tut no* f(t't<inipt Wap made to 
.file' the- e,de;e9 -of jthe holas.- smaoth'. ' - - - '■ 

- ■ . . 

The arlfloe pl.a.t.ds'* Wexe- InstalTed In' ducts of uniform 
.cross section (.f .lg:P-* .' .4 and 5) and were mounted lii tho opian 
iest section of the l/l5Ts'oale model of the N.a.CA full- 
scale. wind tunnel (;r ef erefioe 1). In general, the t>lat&8 
were Installed with the roufh faces on the dovhstre.im side 
and with the spaces hetween the plateo and the duct walls 
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■'■'aneeared'; Several -runs - v^re made , .hpveTer | t o.' deterioliae 
the ejff ect_ pf_ Installing . the plate vltl};.th« roufh. f aoe . 
--' forward and; of Qeallng- the ■ gap."betveen the plates and the 
duo-t -walls. . '-.Crvlde ■ of. l/l6~J.nQh'-dlameter total- and 
^. statlCTpresBUTia tuh^s .'were (Installed. ioth at-the frpnt^ 

ICS v.. faces' of the - plates. -and. at some., station-, downstream of. the 
^ r plates. . In .the ■ rd.etangiilar duct ■ the-. rear grid of tuhe'? 
" wa-s- Ibeat'ed' at.- three > dtff.9rP9t distances - (16, ^6, -an4 45 
Ihoheja }.- -beKlnd' ^ihe., res.l stance in order to. dp-termine . thA 
"Eff cc^a-'-of-. thfi.'.tur^ttlence on . the- results-; ■■ In- the" ,B«c.oja4 
- duet' th«.-sr-ld' was -iQp.ated- 3.6.; .Inches- lichlnd the-. resJ.8.^jBhoe . 
la - Bene: -of the.-. /tests -at loitr alrspeed-s, in order. , to,, in.-, 
prove the accuracy of the Telocity measureme'at8,"'a CjOii'r- 
strlotlon was 'built into the rear of the duct and 'the" 
Tel-Q-alty: .measnrejfi-en-t's were -m.ade- at- .Uiat. 8t.at.lon. •■ 

Corks, 3/4 inch in diameter a,t the- middle. aVc±-ion, 
were Inserted in the orifice plates from front to rear 
to ohtaln various pressure drops. Various patterns glv- 
■ 'ing the same ratios of open area to plate area were in- 
vestigated. The effect of varying the cork size and of 
Inserting the corks from rear to front was also deter- 
mined. Ratios of free area to plate area from 0.038 to 
0.680 were -Itivestligated- over a range o;f!- Reynolds numbers 
from 5,000 to 50,000.' 



aSSULIS AND DISCUSSION 



Typical curves of the nondimensl onal pressure-drop 
coefficient ^p/q^ plotted against Reynolds number are 

shown In figure 6. The loss In total pressure across'' the 
plate, which was checked against the loss In static pres- 
.sure, was used to cojnpute'.t.hQ. coefficient. Ho appreci- 
able scale effects were -found for any of the open-area 
to plate-area ratios tested; .A variation of th» pres- 
sure drop with the Reynolds ' number is usually caused by 
a change In location of the point of separation of the 
air stream from the solid boundary. The use of sharp- 
edge holesj such-as those In-the orifice plate',' fixed.' 
the point of separation at the sharp front 'ddgd of the 
holes and minimises scale effaot. 

It was found that, 'for a given' Aq/A^ ratio, the 

pressure-drop ooeffieient for an individual orifice plate 
might vary approximately 3 percent from the average for 



the- ^oui? plates .V' .^Ma variation , .whIcli- 'Vlaa •^prrfTja'b'ly 'due 
iliO: :t'Jie xCee - of die.a haT^ng varytng degr-eLetTa 'df sltarpjdeLB's , 
■ could- .'b.tf' elJt'm'lnWte'd.' a.t least psjrtly, "by" tK^ coTnplVfe. re- 
r in-oval' of 'b'arrB I/eft/by. tjae .punching Fr^ceaa . • Tlier Inetal- 

Ijatioji of. tine plate with the rough, face .To-rward or tie 
' .tXae- of rough borica . Increaa^d the {treraatLre-drop eo'ief f Iclent 
. approximkteiy • P percent; h-owe^er ,■ jseal i"ng the g'ap "b-etween 
'the plTate-and' tie' djic't . vail., inaertlng' thfe c'o'rka "f torn " rear 
to - front , '-'or changing the coric. aite cauiaed' no change in 
-the pressure ' SLrbp vithin."- the -"Tperinieital ' aeoulrac3^" 6f ..the 
teata. Only an .dxfireine ,noziU£.if oralty of - dlatrlhiition of 
the corica -cauaed any notlcea'ble effect on the preaaure 
drop. . . ' . , . . 

. ■■ '■ ■ - ■ .. • ■ s ■ • ' ■ ' "' ". 

■£ " The aversge. prep aure-rdrop' coe.f'f icltfrfta and cojrreapond 
. ing orifice ccjef ficle.nt> "are. presented .Itf flgure '7. " The 
-orifice doie'f f i'c'l ent. "la defined a-a- , '■ ■ ■ ■ 




where the ef feotl.ye, ojejji, are^'.^ ^ ^-iJS.'- defined by the 
eq.uati on 




(2) 



Aoo'or'dingly , 



-e — - • ■ . ■ -is) 



It wna found that the orl f ice ccn^ef f,iai.en,t .cojil-d .be- "repre- 
aented .l^r th^B equat'lon- ■'" .., . , . 

0 = 0.69 f|2.) (4) 



Vl£U-e 7 also shows the variation of pressure-drop 
eoQfflolent with the ratio of open area to plate area for 
a hullt-up orifice ' plate having a thickness of 1 inch and. 
holes of 3/4--inch diameter (referenoe 3). The edges of 
the holes were sharp as Is the ease of the orifioe plates 
tested. The two sets of results are approxinately in 
agreement . 

ooNOLUDiiira hsmabes 



1, The use of orifice plates to simulate radiators 
is quite practical Tjecause of the simple construction of 
the plates, the ease with which the pressure drop can he 
varied hy the use of corks, and the ahsenoe of any large 
scale effects. 

3. It wat* found that the orifice coefficient varied 
ae the 0.041 power of the pres Aure-drop coefficient times 
the constant 0.69. 
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Tlirare 2.- Dimensions of orifice plates 1, 2, and 3. 





]rigure 4.- Blmenslous of duct used in testing orifice plateB 
It 2, and 3. 
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71gare 5.- Dimensions of duct used in testing orifice plate 4. 
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ReyTiolds rrLUJljer, R 
Figure 6.- Effect of Reynolcts nuiaber on preESure-drop coefficient. 




Figure Ciurve shovdng effect of ratio of open area to plate area on pressuro-drop coefficient. 
Also curve of computed orifice coefficients. 
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